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Abstract 
This study presented a stochastic approach for evaluating algae bloom risk. The uncertainties associated with risk evaluation 
criteria were emphasized and effectively addressed through the development of a stochastic approach. This development was 
based on (a) simulate the distribution function for concentration of  chlorophyll-a in an eutrophied urban lakes; (b) quantification 
of uncertainties in evaluation criteria using triangle distribution function; (c) examination of the risk; The developed risk assessed 
approach was applied to “Six seas” urban lakes in Beijing China. The method is useful for the decision maker to gain insight into 
the environmental risks by considering uncertainties. 
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1. Introduction 
“Six seas” lakes are important scenic water bodies in Beijing city, and consist of Xihai, Houhai Qianhai, Beihai, 
Zhonghai and Nanhai lakes. Its source water comes from Guanting reservoir and runoffs along the way. The inflow 
of the lake begins at Tie Lin gate. It runs through the sequence of sub-lakes and later outflows to Tongzhihe River. 
The total area is 142.11×104 m2. The length is 3.5 ×103m and the volume is 209.34×104 m3.The map of research 
areas is shown in figure1. 
With the development of economy and the increase of urban population, in recent years, the contribution of 
pollutants to lake has increased significantly and mainly from runoff of the city. According to the water quality 
monitor data from 2003 to 2004, Organic matter and nutrients were major water-quality parameters and 
eutrophication has been identified to be the major problem in the lake (Zeng, Yang and Liu 2006). From 1999, the 
average concentration of chlorophyll-a has increased significantly. In the most serious Xihai sublake, empirical 
probability of chlorophyll-a exceed 30ug/l is 54% and the longest lasting time is 50 days. That exceed 60ug/l is 31% 
and 40 days. 
Considering the importance of the ““six seas”” lakes in Beijing city, it is essential to monitor and evaluate the 
algae bloom risk. Risk can be defined as probability of occurrence of an adverse impact (Ganoulis, 1994).As a result, 
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risk assessment is a major component of the site management process, with the capability of offering significant 
potentials in cost savings through carefully assessing and ranking the severity of site contamination (Batchelor et 
al.,1998). 
Because of many environmental factors affect the algae bloom in water body, and the relations between algae 
bloom and the various factors are complex. The stochastic, uncertain and nonlinear characters in the algae bloom 
mechanism exist and are still not fully realized today (Lu, Xu , Zhan, 2003). It is special importance in stochastic 
analysis. Stochastic analyses techniques have been used to accommodate the uncertainties associated with assess 
objections. However, very few studies have been reported to address the uncertainties in risk evaluation criteria. 
Neglecting such uncertainties may result in missed information and thus impractical decision support with regard to 
site management. 
Chlorophyll a is one of the major indices of algae boom in inland water bodies. In this paper, probability 
method are use for concentration of chlorophyll a in the lake to assessment the algae booms risk, which both 
considers the uncertain of assess objections and criterion. 
 
 
Fig.1 The map of research areas 
2.Materials and Methods 
Data used in the studied areas comes from the weekly water quality monitor data from April 2003 to November 
2004 by the hydrological Monitoring Central Station of Beijing city. 
1.1. 2.1Assessment index and criterion for algae bloom 
Chl-a is complex indicator of phytoplankton biomass in the lake water. Dynamics and content of Chl-a in the 
water bodies are restricted and controlled by several types of physical and chemical factors, as well as biological 
factors. Conversely, these factors are changed and responded by Chl-a (Huang et al. 1999).Thus, Chl-a can be the 
index of the algae blooms. 
Some scope content of Chl-a indicating the algae blooms can be seen in talbe1. From the table, the exact value 
of Chl-a indicating the algae blooms is uncertain, mostly between 30-100ug/L and 60ug/L seems to be the likely 
point and usually be used as criterion to define algae bloom in china. But the situation is more seriously, seldom the 
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value can exceed 100ug/l when alga blooms happen. According this situation, the trigonal distribution function is 
suitable to simulate the distribution of criterion as formula 1. 
Table1 the scope content of Chl-a indicating algae bloom 
Reference sources Concentration 
 of Chla (Ug/L) 
Describes 
Zheng B.,Zhang Y., 
Fu G.(2006) 
30.6-62.8 The assessed criterion used on three gorger reservoir in China 
Chen and Mynett 30-60 Be used to indicate algae bloom in Dutch coastal waters 
Zheng J.J.,Zhong C.H., 
Deng C.G.(2006) 
30-150 Summarize of assessed criterion adopted by Taihu and dian lakes in china 
Wu W., Zhou L., 
 Xing L(2007) 
10-100 Indicated index of algae bloom in city artifical pond  
Define the function )(zf  as probability density function for assessed criterion of Chl-a. Then, 
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Where a is the smallest value of criterion for Chl-a (ug/L)ˈb is the biggest value of criterion for Chl-a 
(ug/L)ˈc is the mostly like value of criterion (ug/L)ˈz is the value for concentration of Chl-a (ug/L)ˈf(z) is the 
probability of Z value. 
1.2. 2.2Assessment method 
Define the concentrations of Chl-a as stochastic variable L, its criterion as R. Then the algae bloom risk PF can 
be express as follows( Ganoulis,1994)˖ ^ d`ldrrlfRLPP l LRF ³ ³f ! 0 0 ),()(
                                              ˄2˅ 
Where ),( rlf LR  is joint probability density function of L and R;the conditional probability density function 
of )( rlf LR is introduced as follows˖ 
)(),()( rfrlfrlf RLRLR  
                                                                 ˄3˅ 
then˖ ^ d`ldrrfrlfP l RLRF ³ ³f 0 0 )()(
                                                           ˄4˅ 
The random variable of L and R are assumed as independent each other. We have )()( lfrlf LLR  ˈthen˖ ^ d`ldrrflfP l RLF ³ ³f 0 0 )()(
                                                              ˄5˅ 
By introducing drrflF l RR ³ 0 )()( , the algae bloom risk PF can be calculated as follow:  
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dllflFRLPp LRF )()()( 0³f !                                                          (6) 
In this paper, the formula (6) can be solved by the plots as figure 2. The plot of L and R are probability density 
function of L and R. the algae bloom risk PF are the shadow areas, which are the areas under plot L within the right 
side of plot R. 
The test and simulation of distribution function were conducted using SPSS10.0. The picture drawing and 
Numerical Methods were conducted using MATLAB6.5. 
 
3.Results and Discussion 
The data were test respectively by use Normal Distribution, Exponential distribution and other distributions 
functions based on the P-P plots in graph toolbar of SPSS 10.0 software. Among them, the exponential distribution 
function well fit the data distributing of concentration of Chl-a, as shown by figure3. The data spots spread around 
near the diagonal in figure 3, which indicate the exponential distribution function are suitable to simulate monitor 
data. 
The data are further hypothesis test by 1-Sample K-S. The results are shown as table1. As we can be see from 
the talbe1, the P value of six sub-lakes are all above 0.05. They explain the test results of exponential distribution 
function fit the dada are significant and zero hypothesis is accepted. The data can be represented as exponential 
distribution function.  
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Figure2 the sketch map of calculation of PF 
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Figure3  P-P plots of concentration of Chla for Liu hai lake in 2004-2005 
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Table2  One-Sample Kolmogorov-Smirnov Test ˄ug/L˅ 
 item xihai houhai qianhai beihai zhonghai nanhai 
N 34 35 35 39 33 33 
Exponential parameter.(a,b) Mean 70.165 52.146 41.871 35.441 16.994 21.670 
Most Extreme Differences Absolute .129 .085 .147 .154 .104 .099 
Positive .129 .085 .073 .149 .084 .083 
Negative -.066 -.063 -.147 -.154 -.104 -.099 
Kolmogorov-Smirnov Z .750 .500 .871 .964 .595 .567 
Asymp. Sig. (2-tailed) .626 .964 .433 .310 .871 .905 
a: Test Distribution is Exponential. b: Calculated from data. 
According to table1ˈthe probability density function for the concentration of Chl-a from year 2004 to 2005 
are as follows˖ 
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the probability density function of assessment criterion for concentration of  Chl-a are as follows˖ 
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According to formula˄8˅-˄13˅ˈthe figures of probability density function and assessed criterion are 
plotted in figure4 by using the Plot function in Matlab6.5. The calculating process of cumulative probability PF is 
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illustrated in the first picture of figure 4. The function label as L is probability density function for concentration of 
Chla and label for R is probability density function for assessed criterion of Chl-a, which is the piecewise function. 
The X-axis is concentration of Chl-a (ug/L), which for L is from 0 to f , while for R is from 30 to100(ug/L). The 
Y-axis is corresponding probability to each concentration value of Chl-a. The intersections between two lines for L 
and R are point a, b. Solve function in Matlab6.5 was used to acquire the X-axis value for these intersections. Such 
as a= 38.5 ug/L and b=94.9 ug/L for Xihai lake; According to the sketch map of calculation for PFˈthe risk of algae 
bloom in Xihai lake are as follows: 
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After calculation, the risk values of algae bloom for xihai lake is 0.44. By the same calculational process as 
Xihai lake, that for Houhai,Qianhai, Beihai,Zhonghai and Nanhai lake are 0.35,0.29,0.20,0.11 and 0.15. That mean 
the possibly algae blooms days within a year for these lakes are 161,128,106,73,40,55 days each, and the algae 
blooming risk are all high. when using yearly average concentration of Chl-a and the mostly like assess criterion as 
60ug/L to assess the situation of algae bloomˈthe average concentration of Chla for Xihai Lake is 70.2ug/Lˈfor 
Zhonghai Lake is17.0ug/L. We can find the conclusions for algae blooms happening at Xihai Lake and not at 
Zhonghai Lake. But, according to results based on stochastic method, the risk of algae bloom for Zhonghai Lake is 
0.11. It can be see the average method can not forecast the extremely situation happens. When the stochastic method 
are use in assessed process but not considering the uncertain of assess criterion, the risk of algae blooms for Xihai 
lake are 0.42ˈfor Zhonghai lake are 0.03. They show that results are smaller than that of method put forwards by 
this paper. This prove the method put forwards in this paper are more accurate in reflect the complexes, dynamic 
and uncertain characters of algae bloom.  
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 Figure4  The probability density functions for Chl-a and criterion for”six seas” lakes 
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4.Concludsion 
In this study, a stochastic-based approach for assessing algae blooms risks associated with urban lake under 
uncertainty was developed by applying the concept of engineering risk analysis. The uncertainties in risk evaluation 
criteria were effectively incorporated within the assessed process through a stochastic approach. The developed 
stochastic risk assessed approach was applied to eutrophied urban lake in Beijing of China. The sub-lake algae 
blooms risks were calculated. The proposed risk assessed approach would offer an improved tool for addressing 
uncertainties associated with risk evaluation criteria, and it would provide more realistic support for remediation-
related decisions.  
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